Twenty patients with angina pectoris associated with obstructive coronary arterial disease were investigated by stressing the heart by atrial pacing. Arterial and coronary sinus blood was sampled and the time taken to provoke angina (pacing time) measured. Nine of the patients acted as a control group and did not receive beta-blocking drugs. In this group both pacing time and myocardial lactate extraction were reproducible provided that 45 minutes rest was allowed between pacing tests: we have called this period the myocardial recovery time. The 11 remaining patients were paced before and after beta-blockade, the rate being kept constant for each patient. In contrast to the control group, beta-blockade improved myocardial metabolism as shown by increased myocardial lactate extraction (P<002) and decreased glucose extraction (P<O0O1). The pacing time to angina was increased (P<001) and the degree of ST segment depression was decreased (P<0 05). There was no significant effect on systolic or diastolic bloodpressure, myocardial oxygen extraction, or extraction offree fatty acids and potassium.
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Failure to allow adequate time for full myocardial recovery after pacing will invalidate assessment of antianginal drugs. When this precaution is taken beta-blocking drugs are seen to improve nyocardialmetabolism independently of their effects on heart rate and blood pressure.
Adrenergic beta-receptor antagonists are well established in the treatment of angina pectoris (Jackson et al., 1975) . Their beneficial effects are related to the reduction of left ventricular work by a reduction in heart rate, arterial pressure, and velocity of myocardial contraction (Robinson, 1971) . By eliminating the effect of heart rate by means of atrial pacing, Balcon (1971) concluded that the main beneficial effect of propranolol and practolol was the reduction of heart rate. Coronary angiography had previously shown narrowings greater than 50 per cent in 1 major vessel in 3 patients, in 2 vessels in 7 patients, and in 3 vessels in 10 patients. The left ventricular ejection fraction was greater than 50 per cent in all but 2 patients. Before the study they were maximally exercised under standard conditions to determine the peak exercise heart rate (Jackson et al., 1975) Both the venous catheter and arterial needle were intermittently flushed with heparinised saline except when free fatty acids (FFA) were being measured, when saline alone was used. Before pacing, at least 2 control samples were taken simultaneously from the coronary sinus and from the femoral artery. Using a battery-powered pacemaker (Devices) the heart rate was increased at 5-second intervals by increments of 10 beats a minute and then held constant at least 10 beats a minute above the peak exercise rate or the maximum predicted heart rate (Andersen et al., 1971) , whichever was the greater. Pacing was discontinued when the patient experienced his usual chest discomfort or pain, not breathlessness, of a severity that would stop him in his normal daily life. Blood samples were taken at peak pacing rate and at 2, 5, and 10 minutes after pacing had stopped. Electrocardiographic recordings were made throughout the study. Slight variations in methodology will be discussed with the results of each group.
MEASUREMENTS
Lactate estimations were by Livesley's modification of Hohorst's method (Livesley and Atkinson, 1974) . FFA (Duncombe, 1963) , oxygen saturation, potassium, and glucose, were also measured before and after pacing. The amount of ST segment depression in V5 was measured before and after pacing, disregarding the first two post-pacing beats (Parker et al., 1969) . A downward-sloping ST depression of at least 1 mm persisting for 0-08 s or longer was considered indicative of ischaemia (Jackson et al., 1975 12-2 ± 2-7 2-9 ± 2-6 < 0 01
Myocardial lactate extraction (%) (Gorlin, 1969 (Mueller et al., 1974) . However, in patients with angina it was thought that an atrial pacing stress test, in which the effect of the drug on heart rate is eliminated, might fail to show any beneficial effect of beta-blocker (Balcon, 1971) . In the clinical situation, improvement can be correlated with a reduction in the peak exercise heart rate (Jackson et al., 1975 ), but we wondered whether a beneficial effect on myocardial metabolism, similar to that resulting from glyceryl trinitrate (Chiong et al., 1972) , was also present. We have shown that when the heart is paced at the same rate in individual patients before and after administration of beta-blocker, pacing time to angina is increased and myocardial lactate extraction significantly improved by the drug. This improvement occurred with both a cardioselective (tolamolol) and a non-selective (propranolol) beta-blocker. Decreased myocardial lactate extraction on atrial pacing may be influenced by both glucose extraction (Most et al., 1972) and a change in the arterial level of FFA (Kaijser et al., 1972) . In this investigation beta-blockade significantly decreased glucose extraction. Myocardial ischaemia in man is associated with augmented glucose extraction (Most et al., 1972) , and the decrease observed here may be a further reflection of an improvement in myocardial metabolism. There was no significant change in FFA uptake, which in turn increases the sensitivity of lactate as an expression of myocardial ischaemia (Opie et al., 1973) .
While the beta-blockers may be improving myocardial metabolism by a direct effect at cellular level, it is also possible that they are reducing myocardial oxygen consumption at peak pacing by reducing ventricular contractility or by affecting coronary blood flow. In this study the reduction in heart rate by beta-blockers was abolished by atrial pacing and there were no changes in arterial pressure. Coronary flow in patients with and without coronary arterial disease is reduced after propranolol both at rest and after exercise. Coronary vascular resistance is increased and, associated with this, myocardial oxygen consumption is decreased (Wolfson and Gorlin, 1969) ; as the vasoconstrictor effect of beta-blockers is accompanied by a reduction in oxygen consumption there may be a change in distribution of myocardial blood flow from non-ischaemic to ischaemic areas (Pitt and Craven, 1970) . Beta-blockade has been shown to reduce mortality in patients after myocardial infarction (Multicentre International Study, 1975) and this may reflect an antiarrhythmic action rather than an effect on reducing the size of the infarct (Julian, 1975) . We have shown that beta-blockers produce a significant improvement in myocardial metabolism during angina produced by atrial pacing, and we suggest that this action is related to the documented beneficial effects of beta-blockade on mortality.
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